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The sound quality generated by the guitar depends on the vibration characteristics (i.e. natural frequencies 
and mode shapes) of this instrument. Thus, it is of particular interest to the guitar manufacturers to be able 
to obtain global information about the characteristics of the guitar. Traditional sensors can only measure at 
discrete locations. However, digital image correlation (DIC) can measure full-field data on the surface of 
the structure. In the current paper, a finite element (FE) model of a guitar with free boundary configurations 
was developed using quadratic solid elements. An eigensolution was performed on the FE model to 
determine its natural frequencies and mode shapes. In order to validate the numerical results, a modal impact 
hammer test was performed on the instrument in a free configuration. Furthermore, a measurement was 
performed on the guitar using the DIC technique. In this measurement as well, the guitar was suspended in 
a free configuration, but was driven using a broadband acoustic excitation generated by a sound source. 
The response of the guitar to the excitation was recorded using a pair of high-speed cameras. The recorded 
images were processed to extract the natural frequencies and mode shape of the guitar.  
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The sound quality of a guitar depends on the structural mode shapes and the interaction 
between different components of the guitar. After a string is excited, the vibrations of the strings 
are transferred to the body of the guitar, and these vibrations interact with the surrounding air to 
generate the acoustic output. Thus, structural modes are critical in the overall sound quality of 
guitars, and it is desirable for guitar designers and manufacturers to have a good understanding of 
those modes. Recent modeling and experimental efforts (see [1-4]) have demonstrated that efforts 
to model the guitar body always need to be validated by measurements.  
Conventionally, mode shapes of structures have been extracted using contact-based sensors 
such as accelerometers [5, 6]. These sensors have also been used to measure the vibrations of the 
guitar [7]. Elejabarrieta et al. [2] used accelerometers to perform an experimental modal analysis 
on the soundboard of a guitar during its various stages of construction. Curtu et al. [8] also 
performed several experimental modal measurements on different types of classical guitar bodies. 
These sensors can be easily implemented and can work up to high frequency ranges while 
providing a good signal-to-noise ratio [9]. However, they cannot provide full-field data about the 
structure, only responses at selected points.  
Non-contact measurement methods have recently been used in the vibration analysis and 
structural health monitoring [10-13]. The laser Doppler vibrometer is used extensively for  
vibration measurement and for monitoring  the dynamic response of structures [14], because it can 
measure up to very high frequencies. However, this technique is very time-consuming and 
expensive. Digital Image Correlation (DIC) is a state of the art technique that has recently been 
used in the area of structural dynamics [12, 15-23] . This technique can provide full-field results 
on the visible surface of the structure. The technique uses a pair of high speed cameras and image 
processing algorithms to track patterns and to find deformations of structures. The technique has 
been applied to monitor vibrations of wind turbine blades [24-28], helicopter rotors [29-31], and 
civil structures [32]. Using this technique to measure mode shapes of a guitar can provide valuable 
information and has not been explored by the scientific community. 
The current study explores the vibration characteristics of a guitar using the impact hammer 
modal testing and digital image correlation technique, as well as a finite element model of the 
guitar to better understand its mode shapes.  
 
2. EXTRACTING VIBRATION CHARACTERISTICS OF A GUITAR 
USING FINITE ELEMENT ANALYSIS 
A CAD model of a small-scale toy guitar with many of the intricate details was constructed. 
This model was then meshed with quadratic shell elements. The material property assigned to the 
finite element model was Acrylite, as the toy guitar body is some type of plastic. An eigensolution 
was then performed on the model using the finite element solver to obtain the natural frequency 
and mode shapes of the guitar. Figure 1 shows the obtained mode shapes and natural frequencies 
of the guitar.   
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Figure 1. Mode shapes of a toy guitar obtained using the finite element analysis 
3. EXTRACTING VIBRATION CHARACTERISTICS OF THE GUITAR 
USING IMPACT HAMMER MODAL TESTING 
Figure 2 shows the experimental setup to perform the modal testing on the guitar in a free-free 
condition. The guitar was suspended in a free-free condition using rubber bands. The entire guitar 
was divided into 89 measurement points. The guitar was excited at these points using an impact 
hammer, and the response was measured using three uni-axial accelerometers, also located at 
measurement points. LMS Test.Lab impact testing software was used to collect and analyze the 
data. A bandwidth of 1000 Hz was analyzed, well within the range of good response using a metal 
tip to excite the guitar. A resolution of 0.5 Hz was used to perform the experiment. Five frequency 
response functions were averaged for each measurement point. The power spectrum density and 
the coherence plots were used as the qualitative measure for every measurement. The obtained 
FRFs were plotted using the LMS Polymax stability diagram which gave the mode shapes of the 
guitar (see Figure 3). 
 
 
Figure 2. Experimental setup to obtain the mode shapes of the guitar.  
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Figure 3. Mode shapes of the guitar obtained using experimental modal analysis 
4. EXTRACTING VIBRATION CHARACTERISTICS OF THE GUITAR 
USING DIGITAL IMAGE CORRELATION  
Figure 4 shows the experimental setup to extract the mode shapes of the guitar using digital 
image correlation. The guitar is suspended in a free-free condition using layers of foam. The guitar 
is excited by a 1-inch horn driver placed underneath the guitar. The response is measured with a 
pair of high speed cameras. To measure the response using digital image correlation, a speckle 
pattern is applied to the guitar (see Figure 4). The Vic-3D software package is used to process the 
data and obtain the natural frequency of the guitar.  
 
 
Figure 4. Experimental setup to extract the mode shapes of guitar using digital image correlation 
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Figure 5 shows the Fast Fourier Transform (FFT) of the response of the guitar measured using 
the DIC system. Two trials were performed for this test. In the first trial, a distinctive peak at 152.3 
Hz was obtained. In the second trial, the resonant frequency at 219 Hz was extracted. The peaks 
in the FFT represent the natural frequencies of the guitar. Figure 6 shows the obtained operating 
mode shapes of the guitar using the digital image correlation technique. As can be seen, the two 
modes of the guitar associated with the resonant frequencies at 152.3 Hz and 219.0 Hz were 
extracted using the DIC technique. For future work, the authors are planning to perform 




Figure 5. Fast Fourier transform plots of the measured response obtained by processing the images 
captured with a pair of high speed cameras in two trials. The top image shows the FFT plot used to obtain 
resonant frequency at 152.3 Hz and the bottom image shows the FFT plot used to obtain the resonant 
frequency at 219 Hz.        
5. CORRELATION ANALYSIS 
A comparison between the FE mode shapes and mode shapes extracted using Experimental 
Modal Analysis (EMA) shows that there are some similarities and dissimilarities between the 
obtained resonant frequencies and mode shapes. The differences between the results can be 
attributed to the deviations in the geometry and material property modeling of the guitar. The CAD 
model was developed using dimensions measured with a caliper. For more accurate results, the 
CAD model needs to be modeled using scanned data. The neck of the guitar has a complex 
curvature, which could not be measured using our available tools. Thus, an estimate geometry of 
the neck of the guitar was modeled; this is why some of the mode shapes that contains neck 
deforms show less correlations (e.g. Mode 2 is 149 Hz in EMA data, while FEA shows the mode 
at 220 Hz). Furthermore, Acrylite’s material properties were applied to the guitar model. To 
improve the accuracy of the model, a material testing needs to be performed to extract accurate 
elastic properties for the guitar body. On the other hand, the FE model provided a general 
understanding of the modes in the guitar.  
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Figure 6. Operating mode shapes of the guitar obtained using DIC for the resonant frequency at 152 Hz 
(top) and 219 Hz (bottom). 
 
The EMA and DIC results show a very good correlation between the extracted modes. The 
modes extracted using DIC at 152.3 Hz and 219 Hz are respectively located at frequencies of 
149Hz and 219 Hz in the EMA results. The small changes between these two modes can be 
attributed to the free-free configurations in the two measurements. Due to small displacements 
occurring in the guitar, extracting higher order modes using DIC is challenging. However, by using 
data processing tools and averaging the data, extracting higher order modes would be possible.  
 
6. CONCLUSION 
A comparison between the three techniques used to extract mode shapes of the guitar lead to 
the following conclusions: 
1. The finite element approach can be used to extract mode shapes of the guitar. This technique 
is less expensive than experimental measurements. However, the results need to be 
validated.  
2. The experimental modal analysis is a robust technique to obtain the mode shape of the 
guitar. This technique has a wide frequency range and can be easily implemented. However, 
this technique can only provide mode shapes at discrete points. Furthermore, the sensors 
might induce mass loading effects on the structure. 
3. The digital image correlation technique provide invaluable information about dynamics of 
the structure. It can measure displacement at million points on the structure to provide full-
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field results. However, the measured data using DIC usually contains noise, and it is 
challenging to measure higher order modes using this approach. With the advances of the 
camera technology and image processing tools, this technique has a great potential to be 
used in the structural dynamics area. 
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